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INTRODUCTION 
 
Glyphosate (N-(phosphonomethyl)glycine) herbicide has been extensively used 
on several herbicide tolerant crops in the United States since the introduction of the first 
commercially available genetically modified glyphosate-tolerant soybean [Glycine max 
(L.) Merr.] seed in 1996.  The launch of commercially available glyphosate-tolerant corn 
(Zea mays L.) seed in 1998 provided farmers in Iowa and other states, where corn and 
soybean are primarily grown, the ability to apply glyphosate to every acre of these crops 
annually. 
The non-selective, systemic activity of glyphosate made this herbicide popular 
with farmers because it was effective against annual and perennial weeds, it offered 
excellent crop safety when applied to glyphosate-tolerant crops, and it provided 
outstanding weed control without tank-mixing other herbicides with it.  This led to 
glyphosate, in many cases, becoming the only herbicide used in many farmers’ weed 
management programs on their row-cropped acres.  As of 2013, it was estimated that 
93% of the soybean acres and 85% of the corn acres in the United States were planted to 
genetically-engineered herbicide-tolerant crops (Fernandez-Cornejo et al., 2014).   
Continued reliance on glyphosate as the sole herbicide used to manage weed 
pressure in row crops increased the selection intensity for glyphosate-resistant biotypes 
of waterhemp [Amaranthus tuberculatus (Moq.) Sauer] (Young, 2006), and in 2009, the 
presence of waterhemp resistant to the EPSP Synthase Inhibitor (5-enolpyruvyl-
shikimate-3-phosphate) site of action (Group 9) of glyphosate was confirmed in Iowa 
(Heap, 2015).  By 2013, glyphosate-resistant waterhemp was estimated to infest 42% to 
48% of the soybean fields (Owen, 2015).  Since then, glyphosate-resistant waterhemp 
has continued to be an increasing problem in Iowa row-crop fields. 
Due to genetic and morphological similarities and the ability to hybridize, much 
of the scientific community has accepted combining common waterhemp (Amaranthus 
rudis) and tall waterhemp [Amaranthus tuberculatus (Moq.) Sauer] into one waterhemp 
species, [Amaranthus tuberculatus (Moq.) Sauer] (Pratt and Clark, 2001; Nordby et al., 
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2007), also known as roughfruit amaranth [Amaranthus tuberculatus (Moq.) Sauer] 
(USDA-NRCS, 2018). 
In the absence of other weed competition, a single waterhemp plant has the 
reproductive capacity to produce an average of over 250,000 seeds (Sellers et al., 2003).  
Other characteristics, such as greater persistence and seed viability (Buhler and Hartzler, 
2001) along with an extended germination period compared to other annual weeds 
(Hartzler et al., 1999), contribute to making waterhemp difficult to manage. 
In response to the increasing threat to soybean grain yield posed by glyphosate-
resistant waterhemp, farmers began to include other herbicide chemistries in their weed 
management programs that utilized different sites of action and modes of action than that 
of glyphosate.  Of these chemistries, there was a resurgence in the use of herbicides 
possessing the protoporphyrinogen oxidase (PPO) inhibitor site of action (Group 14), 
which were commonly used for post-emergence (POE) broadleaf weed control in 
soybean prior to the introduction of glyphosate-tolerant soybeans.  The usage of PPO-
inhibitors in pre-emergence (PRE) and POE herbicide applications in soybean quickly 
gained momentum because they showed acceptable activity on glyphosate-resistant 
waterhemp. 
PPO-inhibitor herbicides in the diphenylether chemical family, particularly 
fomesafen (5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-(methylsulfonyl)-2-
nitrobenzamide), have become popular tank-mix partners with glyphosate to manage 
glyphosate-resistant waterhemp POE in soybean.  A common characteristic of 
diphenylether herbicides when sprayed POE is they can cause minor stunting of the 
soybean plants and necrosis of the foliage (Hager et al., 2003).  However, of the 
diphenylether herbicides commonly used on soybeans, fomesafen tends to show the least 
amount of foliar injury (Ellis and Griffin, 2003; Hager et al., 2003; Harris et al., 1991), 
which might help explain its popularity with farmers. 
As usage of fomesafen tank-mixed with glyphosate and applied POE increased, 
comments from farmers regarding reductions in soybean grain yield also increased.  This 
was not entirely surprising.  Research conducted by Johnson et al. (2002) showed that 
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when plots were kept weed free by hand weeding, plots treated with fomesafen yielded 
less than the untreated checks.  These results support the farmer observations, 
particularly in fields with low weed pressure.  However, it is important to remember that 
numerous studies have shown using herbicides to manage weeds helps protect soybean 
grain yield potential under normal field conditions.  In the absence of PPO-inhibitor-
resistant waterhemp, weed management programs in soybean that consist of PRE 
followed by POE herbicide applications that include PPO-inhibitors have shown to be 
effective at controlling glyphosate-resistant waterhemp and reducing its ability to 
reproduce seed (Legleiter et al., 2009). 
Although the timing of the farmer observations of lower soybean grain yields 
seemed to coincide with their increased usage of fomesafen to manage glyphosate-
resistant waterhemp, the timing also seemed to coincide with the transition by the major 
seed companies from selling soybean seed by weight to selling it by seed count with 
140,000 seeds unit-1 used as the standard.  Monsanto was the first major seed company 
to start selling soybean seed by seed count through its Asgrow® brand in 2009 
(Monsanto, 2008), followed by Syngenta fully transitioning their line-up in 2011 
(Penton, 2010), and DuPont Pioneer in 2013 (Penton, 2012).  Further farmer comments 
suggested that their observed soybean grain yield reductions were due to inadequate 
final plant populations resulting from soybean seeding rates that were too low rather than 
associated with the use of fomesafen. 
Even though actual soybean seeding rates will vary by producer, it is generally 
considered that one 140,000 seed unit of soybean seed will plant one acre.  It is at 
soybean seeding rates of 140,000 seeds acre-1 or less that farmers seem to experience 
reduced grain yields.  These farmers have hypothesized that they can economically 
increase their soybean grain yields by increasing their soybean seeding rates.  However, 
research comparing the economics of soybean seeding rates to soybean grain yield does 
not support this hypothesis.  Using hand-thinned soybean plots, Weber et al. (1966) 
reported that soybean grain yield at 26,136 plants acre-1 was 92.5% of the soybean grain 
yield obtained at 104,544 plants acre-1 across 5, 10, 20, and 40-in. row spacing.  De 
4 
 
Bruin and Pedersen (2008a) found that 95% of maximum soybean grain yield was 
obtained with final soybean plant stands between 63,700 plants acre-1 and 85,700 plants 
acre-1 in 30-inch rows and between 78,500 plants acre-1 and 117,700 plants acre-1 in 15-
inch rows.  Their study also showed that planting date and not soybean seeding rate 
influenced soybean grain yield with late April to early May planting dates showing the 
greatest grain yield response whereas no economical difference in grain yield was 
detected between soybean seeding rates of 75,000 and 225,000 viable seeds acre-1.  Even 
though increasing soybean seeding rates can result in greater grain yields, it is unlikely 
the increase in grain yield will be enough to offset the additional cost of the seed (De 
Bruin and Pedersen, 2008b). 
With the increased usage of fomesafen by farmers to manage glyphosate-
resistant waterhemp and the farmer hypothesis that economically greater soybean grain 
yields might be obtained by increasing their current soybean seeding rates beyond 
140,000 seeds acre-1, the objective of this study was to test for the presence of an 
interaction between fomesafen and the soybean seeding rate in terms of soybean grain 
yield.  If an interaction was found where increasing the soybean seeding rate resulted in 
greater soybean grain yield, the next objective of this study would be to determine if the 
increased cost associated with increasing the soybean seeding rate was economically 
justifiable. 
 
MATERIALS AND METHODS 
 
Trials and Plot Design 
This small plot trial was conducted at three sites in Iowa (IA) (Huxley, Marble 
Rock, and Storm Lake) during the 2016 growing season (Fig. 1).  These three sites were 
selected because of their long-term corn-soybean rotation history, they were existing 
research locations for Monsanto Company that were already set-up for small plot 
research, and the land along with the tillage equipment, planting equipment, harvesting 
equipment, and the labor to conduct these field operations were provided at no charge. 
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Fig. 1. Iowa map showing the locations of the three trials. 
 
The trial at each site was set-up using a split-plot design replicated four times 
where the three soybean varieties and two herbicide treatments were randomized, but 
planting equipment limitations prevented the randomization of the three soybean seeding 
rates, which resulted in each seeding rate being planted in its own block (Fig. 2 to 4).  
The soybean variety and herbicide treatments were re-randomized for each trial.  Each 
replication consisted of 18 plots for a total of 72 plots at each trial, and each plot 
consisted of four 30-in. wide rows that were 45 ft in length.  The total area used for each 
trial excluding buffers was approximately 0.75 acre.  All data were collected from the 
center two rows of each plot. 
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Fig. 2. Huxley, IA trial plot design. 
 
 
Fig. 3. Marble Rock, IA trial plot design. 
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Fig. 4. Storm Lake, IA trial plot design. 
 
Soils and Field History for each Trial 
 
Huxley Trial 
The Huxley trial was located in southwest Story County, IA.  According to the 
National Resources Conservation Service (NRCS) Web Soil Survey, the Huxley trial 
consisted of two soils: Clarion loam: 2 to 6 percent slopes (soil map unit symbol: 
L138B) (fine-loamy, mixed, superactive, mesic Typic Hapludolls), which accounted for 
approximately 68% of the soil at the trial; and Nicollet loam: 1 to 3 percent slopes (soil 
map unit symbol: L55) (fine-loamy, mixed, superactive, mesic Aquic Hapludolls), which 
accounted for the remaining 32% of the soil at the trial (Fig. 5) (USDA-NRCS, 2017). 
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Fig. 5 Huxley, IA trial soils (USDA-NRCS, 2017). 
 
According to Charles Boateng, Monsanto Huxley Learning Center Agronomist, 
the previous crop during 2015 at the Huxley trial was corn.  The corn crop received 175 
lb N acre-1 in the form of anhydrous ammonia (NH3), and no other fertilizer.  The corn 
crop received a PRE herbicide application consisting of 2.5 qt Harness® Xtra 5.6L acre-1 
[acetochlor: 2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl)acetamide; atrazine: 
2-chloro-4-ethylamino-6-isopropylamino-s-triazine] (Monsanto, 2012d); and 3.0 oz 
Hornet® WDG acre-1 [flumetsulam: N-(2,6-difluorophenyl)-5- methyl-1,2,4-triazolo-
[1,5a]- pyrimidine-2-sulfonamide; clopyralid potassium salt: 3,6-dichloro-2-
pyridinecarboxylic acid, potassium salt] (Dow AgroSciences, 2008); and a POE 
herbicide application consisting of 32 fl oz Roundup PowerMAX® (glyphosate) acre-1 
(Monsanto, 2012e), 16 fl oz atrazine 4L acre-1, and 0.75 fl oz IMPACT® acre-1 
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[topramezone: [3-(4,5-dihydro-3-isoxazolyl)-2-methyl-4-(methylsulfonyl) phenyl] (5-
hydroxy-1-methyl-1H-pyrazol-4-yl) methanone] (AMVAC, 2014).  There were no 
fungicide or insecticide applications made to the corn crop in 2015.  After the corn was 
harvested in 2015, the Huxley trial was tilled 18 in. deep using a disk-chisel without 
harrow (Earthmaster Model 1165, Earthmaster Products, Gibson City, IL).  In the spring 
of 2016, 84 lb P acre-1 in the form of monoammonium phosphate, 70 lb K acre-1 in the 
form of potash, and 50 lb S acre-1 in the form of ammonium sulfate was applied and 
incorporated using a mulch finisher (John Deere 726, Deere and Company, Moline, IL) 
set at 6 in. deep during seedbed preparation (pers. comm., 2016). 
 
Marble Rock, IA Trial 
The Marble Rock trial was located in southwest Floyd County, IA.  According to 
the NRCS Web Soil Survey, the Marble Rock trial consisted of two soils: Winneshiek 
loam: 30 to 40 in. to limestone, 0 to 2 percent slopes (soil map unit symbol: 713) (fine-
loamy, mixed, superactive, mesic Mollic Hapludalfs), which accounted for 
approximately 83% of the soil at the trial; and Rockton loam: 30 to 40 in. to limestone, 0 
to 2 percent slopes (soil map unit symbol: 213) (fine-loamy, mixed, superactive, mesic 
Typic Argiudolls), which accounted for the remaining 17% of the soil at the trial (Fig. 6) 
(USDA-NRCS, 2017). 
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Fig. 6. Marble Rock, IA trial soils (USDA-NRCS, 2017). 
 
According to Chuck Kolbet, Monsanto Technical Development Representative, 
the previous crop during 2015 at the Marble Rock trial was corn.  The corn crop received 
150 lb N acre-1 in the form of NH3, and no other fertilizer.  The corn crop received an 
early POE herbicide application consisting of 2.0 pt Harness® (acetochlor) acre-1 
(Monsanto, 2012c), 24 fl oz atrazine 4L acre-1, and 0.75 fl oz IMPACT® (topramezone) 
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acre-1.  There were no fungicide or insecticide applications made to the corn crop in 
2015.  There was no tillage performed at the Marble Rock trial (pers. comm., 2016). 
 
Storm Lake Trial 
The Storm Lake trial was located in southcentral Buena Vista County, IA.  
According to the NRCS Web Soil Survey, the Storm Lake trial consisted of two soils: 
Primghar silty clay loam: 2 to 4 percent slopes (soil map unit symbol: 91B) (fine-silty, 
mixed, superactive, mesic Aquic Hapludolls), which accounted for approximately 70% 
of the soil at the trial; and Sac silty clay loam: loam substratum, 2 to 5 percent slopes 
(soil map unit symbol: 77B) (fine-silty, mixed, superactive, mesic Oxyaquic 
Hapludolls), which accounted for the remaining 30% of the soil at the trial (Fig. 7) 
(USDA-NRCS, 2017). 
 
Fig. 7. Storm Lake, IA trial soils (USDA-NRCS, 2017). 
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According to Craig Lamoureux, Monsanto Technical Development 
Representative, the previous crop during 2015 at the Storm Lake trial was corn.  The 
corn crop received 175 lb N acre-1 in the form of NH3, and 2 ton turkey litter acre
-1, 
which had a nutrient analysis of 48-75-78-15S-1Zn ton-1.  The corn crop received an 
early POE herbicide application consisting of 2.5 pt Harness® (acetochlor) acre-1 and 32 
fl oz Roundup WeatherMAX® (glyphosate) acre-1 (Monsanto, 2007).  The 2015 corn 
crop received a fungicide and insecticide application at R1 consisting of 10 fl oz 
Headline AMP® acre-1 [pyraclostrobin: (carbamic acid, [2-[[[1-(4-chlorophenyl)-1H-
pyrazol-3-yl]oxy]methyl]phenyl]methoxy-,methyl ester); metconazole: 5-[(4-
chlorophenyl)methyl]-2,2-dimethyl-1-(1H-1,2,4-triazol-1-ylmethyl)cyclopentanol] 
(BASF, 2015a); and 5.0 fl oz Sniper® acre-1 [bifenthrin: (2 methyl[1,1'-biphenyl]-3-yl) 
methyl 3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-dimethyl-cyclopropanecarboxylate] 
(Loveland, 2015), respectively.  After the corn was harvested in 2015, the Storm Lake 
trial was tilled 10 in. deep using a disk-chisel (Kuhn Krause Dominator® 4850, Kuhn 
Krause, Inc., Hutchinson, KS).  In the spring of 2016, the seedbed was prepared using a 
mulch finisher (John Deere 726, Deere and Company, Moline, IL) set at 6 in. deep (pers. 
comm., 2016). 
 
Soil Fertility Analysis 
In order to learn about the soil fertility at each trial, individual soil samples were 
collected for analysis on 18 June 2016 using an AMS Gator Probe (AMS, Inc., American 
Falls, ID), a plastic pail, and plastic-lined soil sample bags.  Each soil sample from each 
trial consisted of a single 6 in. soil core collected from every other plot for a total of 36 
soil cores.  The soil cores were mixed together, and a subsample of the mixed soil was 
placed into a soil sample bag and taken to the soil laboratory for analysis.  Frontier 
Laboratories, Inc., Clear Lake, IA, performed the soil fertility analysis using the 
Mehlich-3 extraction method.  The results of the soil fertility analysis are shown in Table 
1. 
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Table 1. Soil fertility analysis results for each trial (Mehlich-3 extraction method). 
   
Treatments 
The treatments used in this trial consisted of three Channel brand Genuity® 
Roundup Ready 2 Yield® soybean varieties (Monsanto Company, Saint Louis, MO) 
ranging in relative maturity (RM) from 2.0 to 2.3 [Channel brand 2009R2 (2.0 RM); 
Channel brand 2108R2 (2.1 RM); and Channel brand 2306R2 (2.3 RM)] (Table 2) that 
were each packaged into packets based on the planned soybean seeding rates for this 
trial of 100,000 seeds acre-1, 140,000 seeds acre-1, and 180,000 seeds acre-1 (Images 1 
and 2).  Each soybean variety was tagged with 90% warm germination. 
 
              
Image 1. Packaging the soybean         Image 2. Seed packets for the Marble  
seed into packets on 29 March 2016.      Rock, IA trial.  Photo credit: Paul Parcher. 
Photo credit: Paul Parcher. 
 
 
 
Trial pH BpH %OMCEC P K Mg Ca Na S Zn Mn B Cu Fe %H %Na %K %Mg %Ca %Sat
Huxley 6.2 6.8 3.2 14.2 39 130 208 2158 0.0 6 0.88 16.8 0.24 1.30 64.1 9.25 0.0 2.3 12.2 76.2 90.8
Marble Rock 5.9 6.8 3.2 10.4 17 170 176 1446 0.0 3 1.49 21.3 0.22 1.24 59.5 12.5 0.0 4.2 14.1 69.3 87.5
Storm Lake 6.3 6.8 4.8 15.3 38 205 285 2219 0.0 4 1.46 17.0 0.31 1.43 55.9 8.5 0.0 3.4 15.5 72.5 91.5
Soil Analysis (ppm) Base Saturation
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Table 2. Characteristics of the Channel brand soybean varieties. 
 
 
Each soybean variety was treated with Acceleron® DX-109 (pyraclostrobin) 
(Monsanto, 2015a); Acceleron® DX-309 [Metalaxyl: N-(2,6-dimethylphenyl)-N-
(methoxyacetyl)alanine methyl ester] (Monsanto, 2015b); Acceleron® DX-612 
[fluxapyroxad: 1H-Pyrazole-4-carboxamide, 3-(difluoromethyl)-1-methyl-N-(3’,4’,5’-
trifluoro[1,1’-biphenyl]-2-yl)] (Monsanto, 2012a); and Acceleron® IX-409 
[imidacloprid: 1-[(6-Chloro-3-pyridinyl)methyl]-N-nitro-2-imidazolidinimine] 
(Monsanto, 2012b).  Each soybean variety by population treatment was sprayed with one 
of two herbicide treatments: 1.9 qt Warrant® (encapsulated acetochlor) acre-1 PRE 
(Monsanto, 2014) followed by 32 fl oz Roundup PowerMAX® (glyphosate) acre-1 plus 
12 fl oz Select MAX® Herbicide with Inside Technology™ acre-1 [clethodim: (E)-2-[1-
[[(3-chloro-2-propenyl)oxy]imino]propyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-
cyclohexen-1-one] (Valent, 2015) plus 0.25% v/v Hefty Premium Non-ionic Surfactant 
(NIS) (Hefty Seed Co., Baltic, SD) plus 17 lb ammonium sulfate (AMS) equivalent of 
Drexel AMS-Supreme™ (Drexel Chemical Co., Memphis, TN) per 100 gal of spray 
solution POE, or 1.9 qt Warrant® (encapsulated acetochlor) acre-1 PRE followed by 32 
fl oz Roundup PowerMAX® (glyphosate) acre-1 plus 16 fl oz Flexstar® (fomesafen) 
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acre-1 (Syngenta, 2015) plus 12 fl oz Select MAX® Herbicide with Inside Technology™ 
(clethodim) acre-1 plus 1 qt Hefty Crop Oil Concentrate (COC) acre-1 (Hefty Seed Co., 
Baltic, SD) plus 17 lb AMS equivalent of Drexel AMS-Supreme™ per 100 gal of spray 
solution POE (Table 3). 
Each trial also received a POE fungicide and insecticide application at R3.  The 
Marble Rock and Huxley trials were sprayed with 4 fl oz Priaxor® Xemium® brand 
fungicide acre-1 (fluxapyroxad and pyraclostrobin) (BASF, 2015b) plus 26 fl oz Cobalt® 
Advanced acre-1 [chlorpyrifos: O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl) 
phosphorothioate; Lambda-cyhalothrin: [1α(S*),3α(Z)]-(+)-cyano-(3-phenoxyphenyl) 
methyl-3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-dimethylcyclopropanecarboxylate] 
(Dow AgroSciences, 2014) plus 0.25% v/v NIS; and the Storm Lake trial was sprayed 
with 10.5 fl oz Quilt Xcel® acre-1 [propiconazole: 1-[[2-(2,4-dichlorophenyl)-4-propyl-
1,3-dioxolan-2-yl]methyl]-1,2,4-triazole; azoxystrobin: methyl (E)-2-2-6-(2-
cyanophenoxy)pyrimidin-4-yloxy-phenyl-3-methoxyacrylate] (Syngenta, 2016) plus 5 fl 
oz Sniper® (bifenthrin) acre-1. 
 
 
         Table 3. Treatment codes for the trials. 
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The pesticides used for all POE applications were pre-measured prior to spraying 
each trial in order to prevent windblown debris from contaminating the measuring cups 
and to expedite the pesticide mixing process.  To eliminate any potential issues 
associated with the water used for the spray solutions, Hy-Vee® Purified Drinking 
Water (HyVee, Inc., West Des Moines, IA) was sourced and used for every ground 
sprayer pass made (Image 3).   
The location manager at each trial was provided with 24 to 48 hours of notice 
prior to each pesticide application along with information regarding the pesticides being 
applied and the most restrictive re-entry interval.  This allowed the managers adequate 
time to notify potential field workers about the upcoming pesticide applications. 
 
 
    Image 3. Mixing the PRE herbicide at the Huxley, IA trial  
    on 08 May 2016.  Photo credit: Paul Parcher. 
 
Planting/Pre-emergence 
The Marble Rock, Storm Lake, and Huxley trials were planted 05 May, 06 May, 
and 07 May 2016, respectively.  The Marble Rock trial was planted using a Seed 
Research Equipment Solutions no-till packet planter (SRES, South Hutchinson, KS) 
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(Image 4), and the Storm Lake and Huxley trials were planted using a Wintersteiger 
Dynamic Disc (Wintersteiger, Salt Lake City, UT) packet planter (Image 5).   
 
 
     Image 4. Planting the Marble Rock, IA trial with the Seed  
    Research Equipment Solutions no-till packet planter on 05 May  
    2016.  Photo credit: Paul Parcher. 
 
 
     Image 5. Planting the Huxley, IA trial with the Wintersteiger Dynamic  
    Disc packet planter on 07 May 2016.  Photo credit: Paul Parcher. 
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Following planting, in order to distinguish the trial area, the corners of each trial 
were flagged and the coordinates of the flags recorded using an Archer Field PC® with 
attached Hemisphere GPS® (Juniper Systems, Logan UT), which provided sub-meter 
accuracy. 
The PRE application of encapsulated acetochlor was applied on 08 May 2016 at 
the Huxley and Storm Lake trials, and on 09 May 2016 at the Marble Rock trial using a 
R & D Sprayers Model EX CO2 pressurized sprayer (Bellspray, Inc., Opelousas, LA) 
with a vertically adjustable 10-ft wide boom containing 6 DG Teejet® Drift Guard Flat 
Spray Tips (DG8002) (Teejet Technologies, Wheaton, IL) on 20 in. centers.  The spray 
boom was set at 20 in. above the soil surface for the PRE herbicide applications at each 
trial (Images 6 and 7).  The sprayer was calibrated to apply the PRE herbicide at a rate of 
20.2 gal acre-1 using a speed of 2.8 miles hour-1 and a spray pressure of 35 psi.  The 
application speed was maintained with the assistance of a Seiko Digital Metronome 
Model DM71 (Seiko Instruments Inc., Hagiwara, Gotemba-shi, Shizuoka, Japan) 
(hanging from my neck in Image 6).  The weather conditions for all applications were 
monitored using a Kestrel® 1000 digital wind meter (Nielsen-Kellerman Co., 
Boothwyn, PA) to monitor wind speed and a RadioShack  digital thermometer 
(Kensington Capital Holdings, Foxboro, MA) to monitor air temperature.  The weather 
conditions at the time of the PRE herbicide applications are shown in Table 4.  The 
sprayer was flushed with clean water upon completion of the application at each trial. 
After completion of the PRE herbicide applications, the sprayer was thoroughly 
cleaned following guidelines provided by Iowa State University (Pringnitz, 1997) and 
using a spray system cleaner from Precision Laboratories, LLC, Waukegan, IL, called 
Erase™. 
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    Image 6. R & D Sprayers Model EX sprayer.  Photo credit: Paul  
    Parcher. 
 
 
    Image 7. Application of the PRE herbicide at the Huxley, IA trial  
    on 08 May 2016.  Photo credit: Paul Parcher. 
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 Table 4. Weather conditions at the time of the PRE herbicide applications. 
 
Post-emergence/Pre-harvest 
Shortly after emergence, the plots at each trial were staked using colored stakes 
with the plot identification numbers written on them.  Orange stakes were used to 
identify plots that would receive the glyphosate and clethodim POE herbicide treatment, 
and yellow stakes were used to identify plots that would receive the glyphosate, 
clethodim, and fomesafen POE herbicide treatment.  The color-coded stakes served as a 
quality control measure to help ensure the POE herbicide treatments were applied to the 
correct plots. 
Initial soybean stand counts were collected on 30 May 2016 at the Huxley and 
Storm Lake trials and on 01 June 2016 at the Marble Rock trial.  At the time of the stand 
counts, the soybean plants were at the VC growth stage at the Huxley and Storm Lake 
trials and at the V1 growth stage at the Marble Rock trial.  A single stand count was 
taken from each of the center two rows of the four-row plots in the approximate center 
of each plot (approximately 17.5 ft from the end of each plot).  Each stand count 
consisted of the mean number of plants counted in 10 linear feet of row and converted to 
a per acre basis (Image 8). 
 
Trial
Application 
Date Cloud Cover
Wind 
Direction
Wind Speed 
(miles hour
-1
)
Temperature 
(°F) Application Time
Huxley, IA May 8, 2016 Partly Cloudy East 10 70 10:00AM-12:00PM
Marble Rock, IA May 9, 2016 Cloudy Southeast 7 61 6:00-8:00AM
Storm Lake, IA May 8, 2016 Partly Cloudy Southeast 13 73 4:00-6:00PM
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Image 8. Taking initial soybean stand counts at the Huxley, IA 
trial on 30 May 2016.  Photo credit: Paul Parcher. 
 
On 31 May 2016, the Huxley trial received a damaging hail event which resulted 
in continual stand reduction throughout the remainder of the growing season as injured 
plants were lost due to disease or broken stems caused by bruising from the hail. 
The POE applications of glyphosate and clethodim or glyphosate, clethodim, and 
fomesafen were applied according to the experimental design at the Huxley trial 36 days 
after planting on 12 June 2016; the Marble Rock trial 37 days after planting on 11 June 
2016; and the Storm Lake trial 38 days after planting on 13 June 2016 using the same 
sprayer set-up used to apply the PRE herbicide except the boom height was adjusted to 
20 in. above the crop canopy (Image 9).  The weather conditions at the time of the POE 
herbicide applications are shown in Table 5.  The trial buffers along with the plots 
receiving the glyphosate and clethodim herbicide treatment were sprayed first at each 
trial to eliminate the need to clean the fomesafen from the spray system.  The sprayer 
was flushed with clean water after completing the herbicide applications at each trial.  
Once all POE herbicide applications were completed, the sprayer was cleaned using the 
same guidelines that were used to clean the sprayer following the PRE herbicide 
applications. 
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    Image 9. POE herbicide application at the Storm Lake, IA trial 
    on 13 June 2016.  Photo credit: Paul Parcher. 
 
 
Table 5. Weather conditions at the time of the POE herbicide applications. 
 
Initial soybean heights were measured 14 days after the POE herbicide 
application at each trial (Image 10).  Two soybean plants were measured, one plant from 
each of the two center rows of the four-row plots in the approximate center of each plot 
(approximately 22.5 ft from the end of each plot).  The initial soybean height consisted 
of the mean height of the two plants measured from the soil surface to the leaf axil of the 
uppermost developed trifoliolate leaf node for each plot. 
 
Trial
Application 
Date Cloud Cover
Wind 
Direction
Wind Speed 
(miles hour
-1
)
Temperature 
(°F)
Soybean 
Growth Stage Application Time
Huxley, IA June 12, 2016 Partly Cloudy Southeast 9 91 V3 10:00AM-12:00PM
Marble Rock, IA June 11, 2016 Sunny - Calm 91 V3 3:00-5:00PM
Storm Lake, IA June 13, 2016 Partly Cloudy Northwest 6 85 V4 11:00-1:00PM
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Image 10. Collecting initial soybean height measurements at the 
Huxley, IA trial on 26 June 2016.  Photo credit: Paul Parcher. 
 
Hand-weeding was conducted at the Marble Rock and Storm Lake trials on 08 
July 2016 and at the Huxley trial on 09 July 2016 to eliminate weeds from all plots that 
survived the POE herbicide applications.  The plots were kept weed-free by hand-
weeding for the remainder of the growing season.  This was done to eliminate weed 
competition as a factor that might influence soybean grain yield. 
The location manager at the Storm Lake trial wanted all soybean trials at that 
location treated with a POE fungicide and insecticide application when the soybeans 
reached R3 to manage brown spot (Septoria glycines), and non-economic threshold 
levels of grasshopper (Melanoplus spp.), green cloverworm (Hypena scabra), and 
painted lady caterpillar (Vanessa cardui).  In order to remain consistent with the 
applications made at each trial for this study, the decision was made to spray all trials 
with a fungicide and insecticide at R3.  The target pests at the Huxley and Marble Rock 
trials were the same as listed for the Storm Lake trial, but the Huxley trial also included 
Japanese beetle (Popillia japonica) and bean leaf beetle (Cerotoma trifurcata).  The 
Iowa Sensitive Crop Registry (Iowa Department of Agriculture and Land Stewardship, 
Des Moines, IA [http://www.iowaagriculture.gov/Horticulture_and_ FarmersMarkets/ 
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sensitiveCropDirectory.asp]) was checked for registered apiaries in the vicinity of each 
trial prior to making the fungicide and insecticide applications because the insecticide 
component of the tank-mix was labeled as toxic to bees.  Iowa’s Sensitive Crop Registry 
has since been replaced by FieldWatch, Inc., West Lafayette, IN, which operates 
BeeCheck™ and DriftWatch™ (Images 11-13) (IDALS, 2017). 
 
   
Images 11-13. Proximity of each respective trial (yellow dot) to the locations of state 
registered apiaries including the one mile radius (red circles) that surrounds them 
where pesticides harmful to bees are not allowed to be sprayed between the hours 
of 8:00AM and 6:00PM according to Iowa Administrative Code Chapter 21-
45.31(206) (FieldWatch, 2017; Iowa Legislature, 2017). 
 
The fungicide and insecticide applications consisting of a tank-mix of 
fluxapyroxad, pyraclostrobin, and chlorpyrifos were sprayed at the Marble Rock trial on 
14 July 2016 and the Huxley trial on 15 July 2016.  For this application, the 10 ft boom 
on the sprayer was outfitted with 6 Turbo Teejet® Wide Angle Flat Spray Tips 
(TT11001) (Teejet Technologies, Wheaton, IL) on 20 in. centers.  The spray boom was 
set at 20 in. above the crop canopy, and the sprayer was calibrated to apply the fungicide 
and insecticide at a rate of 11.7 gal acre-1 using a speed of 2.8 miles hour-1 and a spray 
pressure of 50 psi (Image 14).   The weather conditions at the time of the fungicide and 
insecticide applications are shown in Table 6.  This same fungicide and insecticide tank-
mix was also planned for the Storm Lake trial, but the location manager decided to have 
the pesticides aerially-applied.  The Storm Lake trial was sprayed on 18 July 2016 using 
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a fungicide and insecticide tank-mix consisting of propiconazole, azoxystrobin, and 
bifenthrin. 
Once all fungicide and insecticide applications were completed, the sprayer was 
cleaned using the same guidelines that were used to clean the sprayer following the PRE 
herbicide applications. 
 
 
          Image 14. Fungicide and insecticide application at the Huxley, IA 
          trial on 15 July 2016.  Photo credit: Paul Parcher. 
 
 
Table 6. Weather conditions at the time of the POE fungicide and insecticide 
applications. 
 
On 21 September 2016, heavy rain and hail damaged the plots at the Marble 
Rock trial, which according to the hail adjustor, resulted in an approximate 45% loss of 
soybean grain yield due to pod shatter.  The damage sustained at the Marble Rock trial 
made that location of no value for this study (Image 15). 
Trial
Application 
Date Cloud Cover
Wind 
Direction
Wind Speed 
(miles hour
-1
)
Temperature 
(°F)
Soybean 
Reproductive 
Stage Application Time
Huxley, IA July 15, 2016 Partly Cloudy Northwest 5 72 R3 10:00AM-12:00PM
Marble Rock, IA July 14, 2016 Sunny Northwest 8 73 R3 6:30-8:30PM
Storm Lake, IA July 18, 2016 R3 -Custom-applied (Aerially)
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    Image 15. Hail damage to the Marble Rock trial on 21 September 
    2016 (Photo taken on 23 September 2016).  Photo credit: Paul Parcher. 
 
Final soybean stand counts (Image 16) and final soybean heights were collected 
from the R8 soybeans at the Huxley trial on 29 September 2016 and at the Storm Lake 
trial on 01 October 2016 using the same methods described earlier to collect the initial 
soybean stand counts and initial soybean heights.  Soybean branching and soybean node 
count data were collected at the Huxley and Storm Lake trials on 30 September 2016 and 
02 October 2016, respectively. 
In order to obtain the branching and node count data, three consecutive soybean 
plants were pulled from each of the two center rows of the four-row plots in the 
approximate center of each plot (approximately 22.5 ft from the end of each plot).  A 
branch was considered as an offshoot of the main stem that had at least one pod on it 
(Image 17).  Branching consisted of the mean number of branches counted from the six 
plants pulled from each plot.  The same plants used to collect the branching data were 
also used for the node count data.  The node count for each plant started at the unifoliate 
node and ended at the uppermost node with a pod (Image 18).  The node count consisted 
of the mean number of nodes counted on the main stem of the soybean plant from the six 
plants pulled from each plot. 
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Image 16. Collecting final soybean stand counts at the Storm 
Lake, IA trial on 01 October 2016.  Photo credit: Paul Parcher. 
 
 
 
Image 17. Soybean plant with branching at the Huxley, IA trial 
site on 30 September 2016.  Photo credit: Paul Parcher. 
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Image 18. Counting nodes on a soybean plant at the Storm Lake, IA 
trial on 02 October 2016.  Photo credit: Paul Parcher. 
 
Harvest 
The Storm Lake and Huxley trials were harvested on 10 October 2016 and 13 
October 2016, respectively, using a Wintersteiger Delta (Wintersteiger, Salt Lake City, 
UT) 2-row small plot combine that harvested the center two rows of each plot (Image 
19).  Soybean grain weight and grain moisture data were collected for each plot using 
the on-board grain yield monitoring equipment in the plot combine.  These data were 
converted to bushel acre-1 at 13.0% grain moisture using the following formula: 
 
 
Formula 1. Formula used to convert soybean grain yield results into bushel acre-1 
at 13.0% grain moisture. 
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Image 19. Wintersteiger Delta two-row plot combine harvesting 
soybeans at the Huxley, IA trial on 13 October 2016.  Photo 
credit: Paul Parcher. 
 
RESULTS AND DISCUSSION 
 
The three soybean varieties used in this study were selected because they were 
close in RM, they commonly matured according to their RM, and harvest equipment 
logistics would have prevented multiple harvest dates, which inhibited the use of a 
broader RM range.  The pedigrees for these soybean varieties were not available, so it is 
unknown if they were related. 
Since the primary objective for this trial was to determine if an interaction exists 
between fomesafen and the soybean seeding rate in terms of soybean grain yield, the 
purpose for collecting stand, height, branching, and node data were to potentially help 
explain any differences found in soybean grain yield.  It was hypothesized that the cell 
membrane disrupter mode of action of fomesafen (Image 20), which half the plots at 
each location were treated with, might either positively or negatively influence these 
characteristics when compared to the other half of the plots at each location that did not 
receive the fomesafen application (Image 21).  This study was designed using soybean 
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seeding rates that did not take into account pure live seed (PLS), which is similar to how 
many farmers plant soybeans commercially.  However, since the soybean seeding rates 
for this study were not based on PLS, differences amongst the data collected may not be 
evident. 
 
             
    Image 20. Foliar view of soybeans at the Storm Lake, IA trial 
    5 days after application of glyphosate plus fomesafen plus clethodim 
    (photo taken 18 June 2016).  Photo credit: Paul Parcher. 
 
Herbicide applications that take place during soybean reproductive stages may 
result in yield loss.  Nelson et al. (2007) found a 3.4 bushel acre-1 yield reduction and a 
4.2 bushel acre-1 yield reduction when lactofen (2-ethoxy-1-methyl-2-oxoethyl 5-[2-
chloro-4-(tri-fluoromethyl) phenoxy]-2-nitrobenzoate), a PPO-inhibitor herbicide from 
the same chemical family (diphenylether) as fomesafen, was applied to soybeans in the 
R1 (beginning bloom) and R5 (beginning seed) reproductive stages, respectively.  To 
avoid the potential for this type of yield loss, the experimental design for this study 
ensured that all POE herbicide applications occurred prior to the start of soybean 
reproduction. 
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    Image 21. Foliar view of soybeans at the Storm Lake, IA trial  
    5 days after application of glyphosate plus clethodim (photo taken 
    18 June 2016).  Photo credit: Paul Parcher. 
 
Statistical analysis of the initial soybean stand count, final soybean stand count, 
initial soybean height, final soybean height, soybean branch count, soybean node count, 
and soybean grain yield data collected from each soybean plot at the Huxley and Storm 
Lake trials were conducted using SAS® Version 9.4 analytics software developed by 
SAS Institute Inc., Cary, North Carolina.  The data were interpreted using PROC GLM 
(P<0.05) and the differences between means were determined using the LSD (P<0.05).  
Because of the effect of the hail at the Huxley trial on 31 May 2016 and the large 
difference in soybean grain yield between the Huxley and Storm Lake trials, it was 
decided to analyze each trial separately. 
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Growing Season Weather Data 
Upon review of the temperature and precipitation data collected from each trial 
and comparing it to the respective 30-year means, the 2016 growing season at the 
Huxley trial (Charts 1 and 2) and the Storm Lake trial (Charts 3 and 4) might be 
characterized as having average to above average temperatures and average to below 
average precipitation.  Growing season precipitation at the Huxley trial was below the 
30-year mean for precipitation; however, precipitation amounts improved during grain-
fill, which might have helped maintain the soybean grain yield potential.  Precipitation at 
the Storm Lake trial followed the 30-year mean relatively close for much of the growing 
season, but a considerable amount of precipitation was received during the 30 days prior 
to harvest (approximately 5.4 in. more than the 30-year mean). 
Although it appears the daytime high temperatures seemed relatively normal 
compared to the 30-year means at the Huxley and Storm Lake trials, it is worth noting 
that the nighttime low temperatures during the approximate last half of the growing 
season were considerably warmer than the 30-year means.  It is uncertain how these 
warm nighttime temperatures might have influenced soybean grain yield. 
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Chart 1. 2016 daily high and low temperatures compared to the 30-year mean for 
the Huxley, IA trial (07 May – 13 October 2016) (Source: A. Pasch, The Climate 
Corporation [pers. comm.], 2017). 
 
 
Chart 2. 2016 daily precipitation accumulation compared to the 30-year mean at 
the Huxley, IA trial (07 May – 13 October 2016) (Source: A. Pasch, The Climate 
Corporation [pers. comm.], 2017). 
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Chart 3. 2016 daily high and low temperatures compared to the 30-year mean for 
the Storm Lake, IA trial (06 May – 10 October 2016) (Source: A. Pasch, The 
Climate Corporation [pers. comm.], 2017). 
 
 
Chart 4. 2016 daily precipitation accumulation compared to the 30-year mean at 
the Storm Lake, IA trial (06 May – 10 October 2016) (Source: A. Pasch, The 
Climate Corporation [pers. comm.], 2017). 
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Soybean Grain Yield Data 
The soybean grain yield data collected from the Huxley trial showed similar 
grain yields for the 140,000 (69.8 bushel acre-1) and 180,000 (70.9 bushel acre-1) seeding 
rates, which were both greater than the 100,000 (67.0 bushel acre-1) seeding rate (Table 
7).  The grain yield of Channel 2306R2 (68.9 bushel acre-1) was similar to the grain 
yields of Channel 2009R2 (70.8 bushel acre-1) and Channel 2108R2 (68.0 bushel acre-1), 
which were different from each other.  The herbicide treatment did not influence 
soybean grain yield, and there were no two- or three-way interactions for soybean 
seeding rate, soybean variety, and herbicide treatment at Huxley. 
 
 
 
The soybean grain yield data collected from the Storm Lake trial showed that the 
grain yield of the 180,000 (84.2 bushel acre-1) seeding rate was greater when compared 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 67.5 69.0 70.8 a
Channel 2108R2 64.8 67.5 68.0 b
Channel 2306R2 68.0 65.3 68.9 ab
Channel 2009R2 71.7 71.7
Channel 2108R2 68.3 67.2
Channel 2306R2 69.4 70.2
Channel 2009R2 75.5 69.5
Channel 2108R2 69.2 70.9
Channel 2306R2 68.8 71.4
69.2 a 69.2 a
* Soybean variety grain yield (bushel acre
-1
) means are only shown at the 100,000 seeding rate, 
but the mean represent the value across all seeding rates.
** Seeding Rate mean represent the grain yield (bushel acre
-1
) averaged across the three 
varieties at the respective seeding rate.
Means with the same letter are not significantly different at P<0.05.
67.0 b
LSD for Soybean Variety and Seeding Rate means: 2.3 bushel acre
-1
LSD for Herbicide Treatment means: 1.9 bushel acre
-1
Herbicide Treatment
Table 7. Huxley, IA Trial Soybean Grain Yield Data Means (bushel acre
-1
).
Data Collected 13 October 2016; Reproductive Stage: R8
Soybean Variety
Seeding 
Rate
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Herbicide Treatment Mean
180,000
140,000
100,000
70.9 a
69.8 a
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to the grain yields of the 140,000 (82.4 bushel acre-1) and 100,000 (81.1 bushel acre-1) 
seeding rates, which were similar to each other (Table 8).  The grain yields for Channel 
2009R2 (83.8 bushel acre-1) and Channel 2108R2 (82.9 bushel acre-1) were similar to 
each other, but they were both greater than the grain yield for Channel 2306R2 (81.0 
bushel acre-1).  The herbicide treatment did not influence soybean grain yield, and there 
were no two- or three-way interactions for soybean seeding rate, soybean variety, and 
herbicide treatment at Storm Lake. 
 
 
 
Initial Soybean Stand Count Data 
The cool weather that followed shortly after planting the Huxley and Storm Lake 
trials illustrated in Charts 1 and 3, respectively, possibly contributed to an average 
reduction in emerged plant stand across soybean seeding rates and soybean varieties of 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 79.5 82.5 83.8 a
Channel 2108R2 81.6 82.4 82.9 a
Channel 2306R2 80.8 79.6 81.0 b
Channel 2009R2 84.5 83.2
Channel 2108R2 80.9 83.4
Channel 2306R2 82.5 80.2
Channel 2009R2 86.0 87.0
Channel 2108R2 84.0 85.1
Channel 2306R2 80.0 83.0
82.2 a 82.9 a
Means with the same letter are not significantly different at P<0.05.
* Soybean variety grain yield (bushel acre
-1
) means are only shown at the 100,000 seeding rate, 
but the mean represent the value across all seeding rates.
** Seeding Rate mean represent the grain yield (bushel acre
-1
) averaged across the three 
varieties at the respective seeding rate.
180,000
140,000
100,000
LSD for Soybean Variety and Seeding Rate means: 1.7 bushel acre
-1
LSD for Herbicide Treatment means: 1.4 bushel acre
-1
Seeding 
Rate
Soybean Variety
Herbicide Treatment Mean
84.2 a
82.4 b
81.1 b
Herbicide Treatment
Table 8. Storm Lake, IA Trial Soybean Grain Yield Data Means (bushel acre
-1
).
Data Collected 10 October 2016; Reproductive Stage: R8
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
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28.8% at Huxley and 22.2% at Storm Lake.  Analysis of the initial soybean stand count 
data showed differences between the soybean seeding rates at both Huxley (Table 9) and 
Storm Lake (Table 10), which was expected due to the different seeding rates used, but 
the analysis also identified differences between the initial stand counts for the soybean 
varieties planted.  The initial stand counts for all three soybean varieties planted at 
Huxley (Table 9) were different from each other, whereas at Storm Lake, the initial 
stand count of Channel 2108R2 (117,249 plants acre-1) was greater than the initial stand 
counts of Channel 2009R2 (101,495 plants acre-1) and Channel 2306R2 (107,194 plants 
acre-1), which were similar to each other (Table 10). 
 
 
 
The differences in initial stand counts identified between the soybean varieties 
used in these trials might be the result of differences in seed health, or it might be due to 
differences in the ability for each variety to emerge under stressful environmental 
Channel 2009R2 68,280 88,754 c
Channel 2108R2 83,091 108,138 a
Channel 2306R2 71,438 98,772 b
Channel 2009R2 92,129
Channel 2108R2 111,296
Channel 2306R2 106,069
Channel 2009R2 105,851
Channel 2108R2 130,027
Channel 2306R2 118,810
100,000 74,270 c
140,000 103,165 b
180,000 118,229 a
Means with the same letter are not significantly different at P<0.05.
Table 9. Huxley, IA Trial Initial Soybean Stand Count Data Means (plants acre
-1
).
Data Collected 30 May 2016; Vegetative Stage: VC
Seeding 
Rate
Soybean Variety
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Initial Stand 
Count
* Soybean variety stand count (plants acre
-1
) means are only shown at the 
100,000 seeding rate, but the mean represents the value across all seeding 
rates.  
** Seeding Rate mean represents the stand count (plants acre
-1
) averaged 
across the three varieties at the respective seeding rate.
LSD for Soybean Variety and Seeding Rate means: 6,609 plants acre
-1
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conditions with Channel 2108R2 showing the best emergence, followed by Channel 
2306R2, and then Channel 2009R2.  A possible reason why differences between 
soybean varieties were not as evident at Storm Lake when compared to Huxley is 
because Storm Lake was planted one day earlier than Huxley, which gave the soybeans 
planted at Storm Lake one additional day of potentially favorable soil conditions before 
the arrival of the cooler temperatures. 
 
 
 
Final Soybean Stand Count Data 
Final soybean stand count data at the Huxley trial were 57.3% less than the 
amount of soybean seed planted across seeding rates and varieties, which was the result 
of losses in stand that occurred at emergence and thereafter, including the stand loss 
associated with the 31 May 2016 hail event (Table 11).  However, just as with the initial 
stand count data, differences between the final stand counts of the three soybean seeding 
Channel 2009R2 77,755 101,495 b
Channel 2108R2 82,002 117,249 a
Channel 2306R2 74,161 107,194 b
Channel 2009R2 105,089
Channel 2108R2 115,434
Channel 2306R2 114,127
Channel 2009R2 121,641
Channel 2108R2 154,311
Channel 2306R2 133,294
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
* Soybean variety stand count (plants acre
-1
) means are only shown at the 
100,000 seeding rate, but the mean represents the value across all seeding 
rates.  
Means with the same letter are not significantly different at P<0.05.
LSD for Soybean Variety and Seeding Rate means: 6,450 plants acre
-1
** Seeding Rate mean represents the stand count (plants acre
-1
) averaged 
across the three varieties at the respective seeding rate.
Initial Stand 
Count
Table 10. Storm Lake, IA Trial Initial Soybean Stand Count Data Means (plants acre
-1
).
Data Collected 30 May 2016; Vegetative Stage: VC
100,000 77,972 c
140,000 111,550 b
180,000 136,415 a
Seeding 
Rate
Soybean Variety
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rates were still identified, but when comparing the final stand count data to the initial 
stand count data, the final stand count of Channel 2306R2 (59,060 plants acre-1) was 
similar to the final stand counts of Channel 2009R2 (57,027 plants acre-1) and Channel 
2108R2 (63,307 plants acre-1), whereas in the initial stand count data, the initial stand 
count of Channel 2306R2 (98,772 plants acre-1) was different from the initial stand 
counts of Channel 2009R2 (88,754 plants acre-1) and Channel 2108R2 (108,138 plants 
acre-1) (Table 9).  The final stand count for Channel 2108R2 (63,307 plants acre-1) was 
greater than the final stand count of Channel 2009R2 (57,027 plants acre-1) (Table 11).  
The herbicide treatment did not influence final soybean stand count, and there were no 
two- or three-way interactions for soybean seeding rate, soybean variety, and herbicide 
treatment at Huxley. 
 
 
 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 49,005 49,223 57,027 b
Channel 2108R2 59,242 59,459 63,307 a
Channel 2306R2 50,094 51,619 59,060 ab
Channel 2009R2 59,459 57,064
Channel 2108R2 64,251 62,073
Channel 2306R2 58,806 59,024
Channel 2009R2 67,518 59,895
Channel 2108R2 68,389 66,429
Channel 2306R2 65,340 69,478
60,234 a 59,363 aHerbicide Treatment Mean
LSD for Soybean Variety and Seeding Rate means: 4,975 plants acre
-1
LSD for Herbicide Treatment means: 4,062 plants acre
-1
* Soybean variety stand count (plants acre
-1
) means are only shown at the 100,000 seeding 
rate, but the mean represents the value across all seeding rates.  
** Seeding Rate mean represents the stand count (plants acre
-1
) averaged across the three 
varieties at the respective seeding rate.
100,000 53,107 c
140,000 60,113 b
180,000 66,175 a
Table 11. Huxley, IA Trial Final Soybean Stand Count Data Means (plants acre
-1
).
Data Collected 29 September 2016; Reproductive Stage: R8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Means with the same letter are not significantly different at P<0.05.
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Final soybean stand count data at Storm Lake were 31.7% less than the amount 
of soybean seed planted across seeding rates and varieties, which was the result of losses 
in stand that occurred at emergence and thereafter (Table 12). 
 
 
 
Final soybean stand counts were different between seeding rates, which matched 
the findings from the initial stand counts.  However, the final stand count for Channel 
2306R2 (95,687 plants acre-1) was similar to Channel 2009R2 (90,968 plants acre-1) and 
Channel 2108R2 (100,115 plants acre-1), whereas the initial stand count for Channel 
2306R2 (107,194 plants acre-1) was only similar to the initial stand count of Channel 
2009R2 (101,495 plants acre-1) (Table 10).  The final stand count for Channel 2108R2 
(100,115 plants acre-1) was greater than the final stand count of Channel 2009R2 (90,968 
plants acre-1) (Table 12).  The herbicide treatment did not influence final soybean stand 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 64,251 71,874 90,968 b
Channel 2108R2 70,349 75,577 100,115 a
Channel 2306R2 70,132 69,260 95,687 ab
Channel 2009R2 93,218 97,357
Channel 2108R2 97,574 98,881
Channel 2306R2 101,277 101,059
Channel 2009R2 111,731 107,375
Channel 2108R2 128,284 130,027
Channel 2306R2 115,216 117,176
94,670 a  96,510 a
Table 12. Storm Lake, IA Trial Final Soybean Stand Count Data Means (plants acre
-1
).
Data Collected 01 October 2016; Reproductive Stage: R8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Means with the same letter are not significantly different at P<0.05.
* Soybean variety stand count (plants acre
-1
) means are only shown at the 100,000 seeding 
rate, but the mean represents the value across all seeding rates.  
** Seeding Rate mean represents the stand count (plants acre
-1
) averaged across the three 
varieties at the respective seeding rate.
LSD for Soybean Variety and Seeding Rate means: 5,931 plants acre
-1
LSD for Herbicide Treatment means: 4,843 plants acre
-1
Herbicide Treatment Mean
100,000 70,241 c
140,000 98,228 b
180,000 118,302 a
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count, and there were no two- or three-way interactions for soybean seeding rate, 
soybean variety, and herbicide treatment at Storm Lake. 
 
Initial Soybean Height Data 
The initial soybean height data from the Huxley (Table 13) and Storm Lake 
(Table 14) trials were collected 14 days after application of the POE herbicide treatments 
on 26 June 2016 and 27 June 2016, respectively. 
 
 
 
Initial soybean heights from the Huxley trial showed that the 140,000 (8.1 in.) 
seeding rate was similar to the 100,000 (7.8 in.) and 180,000 (8.6 in.) seeding rates, but 
the initial height for the 180,000 (8.6 in.) seeding rate was greater than the initial height 
for the 100,000 (7.8 in.) seeding rate (Table 13).  The initial soybean height data 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 8.1 7.9 8.1 ab
Channel 2108R2 8.7 7.6 8.7 a
Channel 2306R2 7.6 7.0 7.7 b
Channel 2009R2 8.2 8.1
Channel 2108R2 8.2 8.8
Channel 2306R2 8.1 7.6
Channel 2009R2 9.0 7.6
Channel 2108R2 10.0 8.9
Channel 2306R2 8.3 7.5
8.5 a 7.9 b
Table 13. Huxley, IA Trial Initial Soybean Height Data Means (in.).
Data Collected 26 June 2016; Vegetative Stage: V7
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Means with the same letter are not significantly different at P<0.05.
100,000 7.8 b
140,000 8.1 ab
180,000 8.6 a
Herbicide Treatment Mean
LSD for Soybean Variety and Seeding Rate means: 0.6 in.
LSD for Herbicide Treatment means: 0.5 in.
* Soybean variety plant height (in.) means are only shown at the 100,000 seeding rate, but the 
mean represents the value across all seeding rates.
** Seeding Rate mean represents the plant height (in.) averaged across the three varieties at the 
respective seeding rate.
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collected from the Storm Lake trial showed differences between the seeding rates used 
with the 180,000 (10.8 in.) seeding rate with the greatest initial height followed by the 
140,000 (10.1 in.) seeding rate and then the 100,000 (9.3 in.) seeding rate (Table 14).  
The initial soybean heights at Storm Lake mirrored how one might expect soybean plant 
heights to respond to increasing plant populations with mean plant heights increasing as 
the spacing between soybean plants decreased; however, this pattern was not as evident 
at Huxley, which might be a result of the 31 May 2016 hail event. 
 
 
 
The initial soybean height of Channel 2009R2 (8.1 in.) at Huxley was similar to 
the initial heights of Channel 2108R2 (8.7 in.) and Channel 2306R2 (7.7 in.), which 
were different from each other (Table 13); whereas the initial soybean heights of the 
soybean varieties at Storm Lake were different from each other with Channel 2108R2 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 9.1 9.3 9.9 b
Channel 2108R2 11.0 10.3 11.2 a
Channel 2306R2 8.1 7.8 9.1 c
Channel 2009R2 10.5 9.6
Channel 2108R2 11.5 10.4
Channel 2306R2 9.7 9.1
Channel 2009R2 10.9 10.1
Channel 2108R2 12.0 11.8
Channel 2306R2 9.9 9.9
10.3 a 9.8 b
Table 14. Storm Lake, IA Trial Initial Soybean Height Data Means (in.).
Data Collected 27 June 2016; Vegetative Stage: V8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Means with the same letter are not significantly different at P<0.05.
100,000 9.3 c
140,000 10.1 b
180,000 10.8 a
Herbicide Treatment Mean
LSD for Soybean Variety and Seeding Rate means: 0.4 in.
LSD for Herbicide Treatment means: 0.3 in.
* Soybean variety plant height (in.) means are only shown at the 100,000 seeding rate, but the 
mean represents the value across all seeding rates.
** Seeding Rate mean represents the plant height (in.) averaged across the three varieties at the 
respective seeding rate.
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(11.2 in.) possessing the greatest initial height followed by Channel 2009R2 (9.9 in.) and 
then Channel 2306R2 (9.1 in.) (Table 14).  Genetic differences between the soybean 
varieties in vigor or metabolism rates of the herbicides might help explain the 
differences in initial soybean height observed at Storm Lake, and the 31 May 2016 hail 
event might help explain why the differences in initial soybean height between the 
soybean varieties were not as obvious at Huxley. 
A difference in the initial soybean height was identified between the two 
herbicide treatments at Huxley and Storm Lake with the glyphosate plus clethodim 
herbicide treatment displaying greater initial height than the glyphosate plus fomesafen 
plus clethodim herbicide treatment (Tables 13 and 14).  These results are consistent with 
the findings of Hager et al. (2003).  The herbicide treatment did not influence initial 
soybean height, and there were no two- or three-way interactions for soybean seeding 
rate, soybean variety, and herbicide treatment at Huxley and Storm Lake. 
 
Final Soybean Height Data 
The final soybean height data collected from the Huxley trial (Table 15) showed 
differences between the final soybean heights at the various seeding rates, but the 
outcome was not as one would commonly expect.  Typically, as the spacing between 
soybean plants decreases, the mean plant height increases due to greater plant-to-plant 
competition for available solar energy resources.  However, the final soybean height data 
from Huxley showed that the 100,000 (43.8 in.) seeding rate was similar to the 140,000 
(44.3 in.) and the 180,000 (43.3 in.) seeding rates, but the final soybean height for the 
140,000 (44.3 in.) seeding rate was greater than the 180,000 (43.3 in.) seeding rate.  In 
contrast, initial soybean height from Huxley showed the 140,000 (8.1 in.) seeding rate 
was similar to the 100,000 (7.8 in.) and 180,000 (8.6 in.) seeding rates, but the initial 
soybean height for the 180,000 (8.6 in.) seeding rate was greater than the initial soybean 
height for the 100,000 (7.8 in.) seeding rate (Table 13). 
44 
 
 
 
Initial soybean height data from Huxley for Channel 2009R2 (8.1 in.) was similar 
to the initial heights of Channel 2108R2 (8.7 in.) and Channel 2306R2 (7.7 in.), which 
were different from each other (Table 13); however, at the end of the growing season, 
these soybean varieties had similar plant heights (Table 15).  It is possible the recovery 
of the plants following the 31 May 2016 hail event at Huxley might have resulted in less 
difference in final height of the soybean varieties.  The herbicide treatment did not 
influence final soybean height, and there were no two- or three-way interactions for 
soybean seeding rate, soybean variety, and herbicide treatment at Huxley. 
The final soybean height data collected from the Storm Lake trial (Table 16) 
showed differences between the final heights of the soybean varieties and soybean 
seeding rates that were more consistent with how one might expect the results to look.  
The final height of Channel 2009R2 (42.4 in.) was greater than the final heights of 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 44.1 43.9 44.1 a
Channel 2108R2 42.7 44.2 43.3 a
Channel 2306R2 43.3 44.4 43.9 a
Channel 2009R2 45.6 43.8
Channel 2108R2 44.8 43.1
Channel 2306R2 44.4 44.1
Channel 2009R2 43.2 44.2
Channel 2108R2 42.9 42.4
Channel 2306R2 43.9 43.3
43.9 a 43.7 a
LSD for Soybean Variety and Seeding Rate means: 0.9 in.
LSD for Herbicide Treatment means: 0.7 in.
* Soybean variety plant height (in.) means are only shown at the 100,000 seeding rate, but the 
mean represents the value across all seeding rates.
** Seeding Rate mean represents the plant height (in.) averaged across the three varieties at the 
respective seeding rate.
Means with the same letter are not significantly different at P<0.05.
Table 15. Huxley, IA Trial Final Soybean Height Data Means (in.).
Data Collected 29 September 2016; Reproductive Stage: R8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
100,000 43.8 ab
140,000 44.3 a
180,000 43.3 b
Herbicide Treatment Mean
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Channel 2108R2 (41.6 in.) and Channel 2306R2 (41.3 in.), which were similar to each 
other.  The final heights for the 140,000 (42.3 in.) and 180,000 (42.1 in.) seeding rates 
were similar to each other, and both were greater than the final height of the 100,000 
(41.0 in.) seeding rate.  The final soybean height data from the Storm Lake trial (Table 
16) may suggest that differences in soybean height became less as the growing season 
progressed when compared to the initial soybean height data, which showed differences 
across the seeding rates and soybean varieties (Table 14).  This may be genetically and 
environmentally driven. 
 
 
 
A soybean seeding rate × soybean variety interaction for plant height was 
identified at Storm Lake, and it was evaluated by running the SLICE=VARIETY option 
in SAS® 9.4, which tested the significance of the soybean seeding rate for each soybean 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 41.9 42.2 42.4 a
Channel 2108R2 41.8 40.8 41.6 b
Channel 2306R2 40.3 38.8 41.3 b
Channel 2009R2 42.7 43.9
Channel 2108R2 42.2 41.4
Channel 2306R2 42.0 41.4
Channel 2009R2 42.6 41.3
Channel 2108R2 41.8 41.4
Channel 2306R2 43.1 42.3
42.0 a  41.5 aHerbicide Treatment Mean
* Soybean variety plant height (in.) means are only shown at the 100,000 seeding rate, but the 
mean represents the value across all seeding rates.
** Seeding Rate mean represents the plant height (in.) averaged across the three varieties at the 
respective seeding rate.
100,000 41.0 b
140,000 42.3 a
180,000 42.1 a
LSD for Soybean Variety and Seeding Rate means: 0.7 in.
LSD for Herbicide Treatment means: 0.6 in.
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Means with the same letter are not significantly different at P<0.05.
Table 16. Storm Lake, IA Trial Final Soybean Height Data Means (in.).
Data Collected 01 October 2016; Reproductive Stage: R8
Seeding 
Rate
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variety at P<0.05.  The F-tests for Channel 2009R2 and Channel 2108R2 were not 
significant, which indicated the plant heights of those two soybean varieties are 
insensitive to soybean seeding rate, but the F-test for Channel 2306R2 was significant, 
which indicated the plant height for this variety might be sensitive to soybean seeding 
rate.  A more robust data set that included a broader range of soybean seeding rates 
would be required before one could confidently state the plant height of Channel 2306R2 
is dependent on soybean seeding rate, and the plant heights of Channel 2009R2 and 
Channel 2108R2 are independent of soybean seeding rate. 
The herbicide treatment did not influence final soybean height at Storm Lake, 
and although a two-way interaction between soybean seeding rate and soybean variety 
was identified, there were no other two- or three-way interactions found between 
soybean seeding rate, soybean variety, and herbicide treatment. 
 
 Soybean Branch Count Data 
Branching in soybean is inhibited by auxin, which is a hormone produced in the 
main stem apex of the soybean plant that suppresses axillary bud development 
(Pedersen, 2004).  The duration of axillary bud suppression might be the result of 
genetics and the environment with soybean plants potentially more prone to increase the 
amount of branching in situations where there is less plant-to-plant competition, such as 
in areas of reduced soybean stand or in situations where lower soybean seeding rates are 
used.  Injury to the main stem apex of the soybean plant by environmental factors such 
as hail or insect feeding can stop the production of auxin by the stem apex, which results 
in the growth of axillary buds into branches.  This information helps explain the greater 
branch counts recorded at Huxley, which resulted from the damaging hail event that 
occurred on 31 May 2016, when compared to the Storm Lake trial, which did not receive 
hail. 
Branch number plant-1 at the Huxley trial did not differ for soybean seeding rate 
(Table 17), which might be due to the relatively narrow range in the final soybean stand 
densities between soybean seeding rates caused by the hail at that location; however, 
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branch counts for the three soybean varieties used in this trial were different from each 
other.   
 
 
At the Storm Lake trial, soybean branch counts were greater at the 100,000 (3.1 
branches plant-1) seeding rate than the 140,000 (2.4 branches plant-1) and 180,000 (2.2 
branches plant-1) seeding rates, which were similar to each other (Table 18).  These 
results are consistent with observations made by many researchers including Pedersen 
(2004) and Weber et al., (1966).  The soybean branch count data at the Storm Lake trial 
for Channel 2009R2 (3.0 branches plant-1) and Channel 2108R2 (2.7 branches plant-1) 
were similar to each other and greater than Channel 2306R2 (2.0 branches plant-1).  The 
branch counts at Huxley and Storm Lake showed that Channel 2009R2 had the greatest 
branching, followed by Channel 2108R2, while Channel 2306R2 had the least.  This 
might indicate that Channel 2009R2 and Channel 2108R2 are more genetically prone to 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 4.2 4.7 4.7 a
Channel 2108R2 2.9 3.6 3.6 b
Channel 2306R2 2.5 2.5 2.7 c
Channel 2009R2 5.1 4.2
Channel 2108R2 4.6 2.5
Channel 2306R2 3.3 2.9
Channel 2009R2 5.1 4.9
Channel 2108R2 4.6 3.2
Channel 2306R2 2.3 2.9
3.8 a 3.5 a
140,000 3.8 a
100,000 3.4 a
Table 17. Huxley, IA Trial Soybean Branch Count Data Means (branches plant
-1
).
Data Collected 30 September 2016; Reproductive Stage: R8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
180,000 3.8 a
Herbicide Treatment Mean
LSD for Soybean Variety and Seeding Rate means: 0.6 branches plant
-1
LSD for Herbicide Treatment means: 0.5 branches plant
-1
* Soybean variety branch count (branches plant
-1
) means are only shown at the 100,000 
seeding rate, but the mean represents the value across all seeding rates.
** Seeding Rate mean represents the branch count (branches plant
-1
) averaged across the three 
varieties at the respective seeding rate.
Means with the same letter are not significantly different at P<0.05.
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respond to lower soybean seeding rates or stand reductions by increasing branching, 
whereas Channel 2306R2 appears less genetically prone to respond to these conditions 
with increased branching.  Herbicide treatment did not influence soybean branching, and 
there were no two- or three-way interactions identified between the soybean seeding 
rate, soybean variety, and herbicide treatment at Huxley or Storm Lake. 
 
 
 
Soybean Node Count Data 
The number of nodes that a soybean plant develops during the growing season 
may be a function of genetics, including soybean growth habit; the length of growing 
season; and the environmentally related conditions that occur during the growing season.  
The total number of nodes that a soybean plant may produce during the growing season 
is determined at growth stage V5 (Pedersen, 2004). 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 3.6 3.4 3.0 a
Channel 2108R2 3.1 3.0 2.7 a
Channel 2306R2 2.8 3.0 2.0 b
Channel 2009R2 3.0 2.3
Channel 2108R2 3.3 2.5
Channel 2306R2 1.7 1.6
Channel 2009R2 2.8 2.8
Channel 2108R2 2.2 2.2
Channel 2306R2 1.5 1.5
2.7 a  2.5 a
100,000 3.1 a
Herbicide Treatment Mean
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
LSD for Soybean Variety and Seeding Rate means: 0.3 branches plant
-1
LSD for Herbicide Treatment means: 0.3 branches plant
-1
Means with the same letter are not significantly different at P<0.05.
Table 18. Storm Lake, IA Trial Soybean Branch Count Data Means (branches plant
-1
).
Data Collected 02 October 2016; Reproductive Stage: R8
* Soybean variety branch count (branches plant
-1
) means are only shown at the 100,000 
seeding rate, but the mean represents the value across all seeding rates.
** Seeding Rate mean represents the branch count (branches plant
-1
) averaged across the three 
varieties at the respective seeding rate.
180,000 2.2 b
Seeding 
Rate 
Mean**
140,000 2.4 b
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There were no differences in soybean node count between seeding rates 
identified at Huxley, but the node count of Channel 2009R2 (20.3 nodes plant-1) was 
greater than the node counts for Channel 2108R2 (18.6 nodes plant-1) and Channel 
2306R2 (18.7 nodes plant-1), which were similar to each other (Table 19).  The herbicide 
treatment did not influence soybean node count, and there were no two- or three-way 
interactions identified between the soybean seeding rate, soybean variety, and herbicide 
treatment at Huxley. 
 
 
 
At the Storm Lake trial, the soybean node count for the 100,000 (19.4 nodes 
plant-1) seeding rate was greater than the node counts for the 140,000 (18.4 nodes    
plant-1) and 180,000 (18.0 nodes plant-1) seeding rates, which were similar to each other 
(Table 20).  There were also differences identified between the node counts among the 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 20.0 20.0 20.3 a
Channel 2108R2 18.3 18.6 18.6 b
Channel 2306R2 18.7 18.0 18.7 b
Channel 2009R2 20.5 20.2
Channel 2108R2 18.7 18.7
Channel 2306R2 18.9 18.5
Channel 2009R2 20.6 20.5
Channel 2108R2 19.0 18.5
Channel 2306R2 18.7 19.5
19.3 a 19.2 aHerbicide Treatment Mean
LSD for Soybean Variety and Seeding Rate means: 0.6 nodes plant
-1
LSD for Herbicide Treatment means: 0.5 nodes plant
-1
* Soybean variety node count (nodes plant
-1
) means are only shown at the 100,000 seeding 
rate, but the mean represents the value across all seeding rates.
** Seeding Rate mean represents the node count (nodes plant
-1
) averaged across the three 
varieties at the respective seeding rate.
Means with the same letter are not significantly different at P<0.05.
100,000 18.9 a
140,000 19.2 a
180,000 19.4 a
Table 19. Huxley, IA Trial Soybean Node Count Data Means (nodes plant
-1
).
Data Collected 30 September 2016; Reproductive Stage: R8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
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three soybean varieties used in the trial.  The node count data from both Huxley and 
Storm Lake showed that Channel 2009R2 had the greatest number of nodes, followed by 
Channel 2306R2, and Channel 2108R2 had the fewest nodes, which might be an 
indication that Channel 2009R2 and Channel 2306R2 are more genetically prone to 
develop a greater number of nodes than Channel 2108R2.  The herbicide treatment did 
not influence soybean node count, and there were no two- or three-way interactions 
identified between the soybean seeding rate, soybean variety, and herbicide treatment at 
Storm Lake. 
 
 
 
 
 
 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 20.5 20.2 19.5 a
Channel 2108R2 19.0 18.6 17.9 c
Channel 2306R2 18.9 19.4 18.5 b
Channel 2009R2 18.9 19.4
Channel 2108R2 17.8 18.0
Channel 2306R2 18.1 18.1
Channel 2009R2 18.6 19.1
Channel 2108R2 17.2 16.9
Channel 2306R2 17.6 18.8
18.5 a  18.7 a
LSD for Soybean Variety and Seeding Rate means: 0.4 nodes plant
-1
LSD for Herbicide Treatment means: 0.3 nodes plant
-1
* Soybean variety node count (nodes plant
-1
) means are only shown at the 100,000 seeding 
rate, but the mean represents the value across all seeding rates.
** Seeding Rate mean represents the node count (nodes plant
-1
) averaged across the three 
varieties at the respective seeding rate.
Means with the same letter are not significantly different at P<0.05.
Herbicide Treatment Mean
100,000 19.4 a
140,000 18.4 b
180,000 18.0 b
Table 20. Storm Lake, IA Trial Soybean Node Count Data Means (nodes plant
-1
).
Data Collected 02 October 2016; Reproductive Stage: R8
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
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Adjusted Gross Income 
 
Although no interactions between fomesafen and the soybean seeding rate were 
found, it is still worthwhile to look at the economics of this study.  The adjusted gross 
income values for the Huxley (Table 21) and Storm Lake (Table 22) trials were 
determined by using a soybean grain market price of $8.82 bushel-1, which was obtained 
from USDA-AMS (2018), and the retail seed cost unit-1 (140,000 seeds) for each 
soybean variety (Channel 2009R2: $75.25, Channel 2108R2: $70.50, and Channel 
2306R2: $69.50) adjusted to the appropriate seeding rate acre-1 (100,000; 140,000; or 
180,000).  The difference in cost between the herbicide treatments of $9.24 acre-1 was 
also included in the adjusted gross income values, which accounted for the cost of the 
fomesafen and the difference in adjuvant cost between the glyphosate + clethodim and 
the glyphosate + clethodim + fomesafen herbicide treatments.  All other input costs for 
this study were equal. 
There were no economic differences found between the soybean varieties, 
soybean seeding rates, and herbicide treatments at Huxley (Table 21), and there were no 
economic differences found between the soybean seeding rates and herbicide treatments 
at Storm Lake, but the adjusted gross income for Channel 2306R2 ($640.48 acre-1) was 
less than the adjusted gross income for Channel 2009R2 ($659.00 acre-1) and Channel 
2108R2 ($655.98 acre-1), which were similar to each other (Table 22). 
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Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 $541.40 $545.34 $544.78 a
Channel 2108R2 $520.94 $535.73 $524.43 a
Channel 2306R2 $550.19 $517.34 $533.30 a
Channel 2009R2 $557.31 $548.26
Channel 2108R2 $531.67 $512.68
Channel 2306R2 $542.40 $540.66
Channel 2009R2 $569.54 $506.83
Channel 2108R2 $519.85 $525.72
Channel 2306R2 $517.85 $531.36
$539.02 a $529.32 a
LSD for Soybean Variety and Seeding Rate means: $20.70 dollars acre
-1
LSD for Herbicide Treatment means: $16.90 dollars acre
-1
Means with the same letter are not significantly different at P<0.05.
100,000 $535.16 a
Seeding 
Rate
Soybean Variety
Herbicide Treatment
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
Table 21. Huxley, IA Trial Adjusted Gross Income Means (dollars acre
-1
).***
140,000 $538.83 a
180,000 $528.53 a
Herbicide Treatment Mean
* Soybean variety adjusted gross income (dollars acre
-1
) means are only shown at the 100,000 
seeding rate, but the mean represent the value across all seeding rates.
** Seeding Rate mean represent the adjusted gross income (dollars acre
-1
) averaged across the 
three varieties at the respective seeding rate.
*** Adjusted gross income (dollars acre
-1
) accounts for the cost difference between seed 
variety, seeding rate, and herbicide treatment.  The north central Iowa soybean market price of 
$8.82 bushel
-1
 was obtained from USDA-AMS (2018).
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When looking strictly at the dollar figures, glyphosate + clethodim was the most 
profitable herbicide treatment at Huxley ($539.02 acre-1) (Table 21) and Storm Lake 
($653.18 acre-1) (Table 22); however, it is important to remember the plots in this study 
were kept weed free by hand-weeding.  Had the plots not been kept weed free, it is 
possible competition from glyphosate resistant waterhemp might have caused the 
soybeans treated with glyphosate + clethodim to yield economically less than the 
soybeans treated with glyphosate + fomesafen + clethodim.  Channel 2009R2 was the 
most profitable soybean variety at Huxley ($544.78 acre-1) (Table 21) and Storm Lake 
($659.00 acre-1) (Table 22).  The 140,000 ($538.83 acre-1) seeding rate was the most 
profitable at Huxley (Table 21), and the 100,000 ($659.10 acre-1) seeding rate was the 
Glyphosate + 
Clethodim
Glyphosate + 
Fomesafen + 
Clethodim
Channel 2009R2 $647.56 $664.22 $659.00 a
Channel 2108R2 $669.09 $667.22 $655.98 a
Channel 2306R2 $663.04 $643.50 $640.48 b
Channel 2009R2 $669.89 $649.37
Channel 2108R2 $643.23 $655.71
Channel 2306R2 $657.80 $628.99
Channel 2009R2 $661.72 $661.26
Channel 2108R2 $650.20 $650.42
Channel 2306R2 $616.13 $633.43
$653.18 a $650.46 a
Means with the same letter are not significantly different at P<0.05.
* Soybean variety adjusted gross income (dollars acre
-1
) means are only shown at the 100,000 
seeding rate, but the mean represent the value across all seeding rates.
100,000 $659.10 a
140,000 $650.83 a
180,000 $645.53 a
Seeding 
Rate
Soybean Variety
Herbicide Treatment
** Seeding Rate mean represent the adjusted gross income (dollars acre
-1
) averaged across the 
three varieties at the respective seeding rate.
*** Adjusted gross income (dollars acre
-1
) accounts for the cost difference between seed 
variety, seeding rate, and herbicide treatment.  The north central Iowa soybean market price of 
$8.82 bushel
-1
 was obtained from USDA-AMS (2018).
Herbicide Treatment Mean
Table 22. Storm Lake, IA Trial Adjusted Gross Income Means (dollars acre
-1
).***
Soybean 
Variety 
Mean*
Seeding 
Rate 
Mean**
LSD for Soybean Variety and Seeding Rate means: $14.76 dollars acre
-1
LSD for Herbicide Treatment means: $12.05 dollars acre
-1
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most profitable at Storm Lake (Table 22).  The 180,000 seeding rate was the least 
profitable at Huxley ($528.53 acre-1) (Table 21) and Storm Lake ($645.53 acre-1) (Table 
22). 
 
CONCLUSION 
 
Managing glyphosate-resistant waterhemp has become an increasing problem for 
farmers in recent years.  To control this weed, many farmers have started including 
herbicides possessing a PPO-inhibitor site of action (Group 14), such as fomesafen, in 
their weed management programs.  Anecdotal observations made by farmers using 
higher soybean seeding rates and spraying fomesafen POE suggested that economically 
greater soybean grain yields might be obtained by increasing soybean seeding rates.  
However, research conducted by De Bruin and Pedersen (2008a) did not support this 
hypothesis. 
The primary objective of this study was to test for the presence of an interaction 
between fomesafen and the soybean seeding rate in terms of soybean grain yield by 
conducting in-field, replicated trials at three locations in Iowa using three soybean 
varieties, three soybean seeding rates, and two herbicide treatments.  The following data 
were collected for analysis from each trial: soybean grain yield, initial soybean stand 
count, final soybean stand count, initial soybean height, final soybean height, soybean 
branch count, and soybean node count. 
At the end of the growing season, only the Huxley and Storm Lake trials 
provided useable data; however, due to hail damaging the Huxley trial and large 
differences in grain yields between the Huxley and Storm Lake trials, it was decided that 
the two locations should be analyzed separately. 
Upon analyzing the data, differences were identified between the soybean 
seeding rates and soybean varieties, but the only differences pertaining to the herbicide 
treatments were identified during the analysis of the initial soybean height data.  
Additionally, other than the soybean seeding rate × soybean variety interaction regarding 
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final soybean height that was identified at the Storm Lake trial, there were no other two- 
or three-way interactions identified between the soybean seeding rate, soybean variety, 
and herbicide treatment used at either of the Huxley and Storm Lake trials.  The adjusted 
gross income values for the Huxley and Storm Lake trials showed no differences 
between the herbicide treatments, and there were no differences between the seeding 
rates, which was consistent with previous findings by De Bruin and Pedersen (2008b). 
The experimental design for this study ensured that all POE herbicide 
applications occurred prior to the onset of soybean reproduction, which is a good 
management practice.  However, there are times when inclement weather, unacceptable 
herbicide performance, or late-emerging flushes of weeds may necessitate an herbicide 
application that occurs during soybean reproduction.  The results of this study may have 
been different had the POE herbicide applications been delayed until after the initiation 
of soybean reproduction. 
It is important to note that the results from this study are based on one year of 
data collected from central and northern Iowa, and the results may be unique to this 
geography based on factors such as climate, soils, latitude, and soybean germplasm.  
Additional site years of data might help improve the robustness of the conclusions from 
this study. 
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